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Abstract 
 Emerging infectious diseases are a problem among wildlife and domestic populations. 
It is critical for these diseases to be studied. Lymphoproliferative disease virus is a retrovirus 
affecting turkeys and chickens. Prior research originally identified the virus in the United 
Kingdom and Israel. The first case of LPDV in the United States was found in 2009 in 
Arkansas. This study tests different reservoirs for the virus. DNA was extracted from 
samples of different origins and preservation types. Through PCR and gel electrophoresis 
analysis, different sample types from turkey populations were tested for LPDV. This study 
provides a method for submitting blood and tissue samples from turkeys for analysis, as well 
as show the molecular genetics techniques used to find positive cases. Of the samples tested, 
positive cases of LPDV were identified.
 1 
Introduction 
 Wildlife is a valuable resource for the United States, and our country has proven its 
intention to preserve animals that may be at risk. The Endangered Species Act of 1973 is 
evidence of widespread support for the welfare of species at risk and served to protect animals 
that were endangered or threatened (Feldhamer et al. 2015). After decades of enforcement of the 
act, many endangered animal populations are on the road to recovery due to legal protection, 
designation of critical habitat, and active management (Feldhamer et al. 2015). Unfortunately, 
new problems are arising that negatively affect even previously common species (WWF 1998). 
As wildlife become isolated in protected areas, interact more extensively with humans and their 
domestic animals, and are exposed to invasive organisms from around the world, diseases are 
becoming a more common danger to the sustainability of animal populations (Heard et al. 2013). 
 A research focus on emerging infectious diseases (EID), and their effects on wildlife and 
humans, began in the 1970s (Cunningham et al 2017). Examples of EIDs include outbreaks of 
zoonotic viral infections such as Hendra and Nipah viruses spread by pteropid bats to other hosts 
such as humans, swine, and horses in Southeast Asia and Australia (Feldhamer et al. 2015), 
inadvertent human transport of the fungus responsible for white nosed syndrome in bats from 
Europe to the the United States resulting in the deaths of millions of little brown (Myotis myotis) 
and other bat species (Feldhamer et al. 2015; Lee 2015; Cunningham et al. 2017), and 
transmission of the canine distemper virus from domestic dogs to black footed ferrets (Mustela 
nigripes) almost resulting in the extinction of this mustelid (Williams et al. 1988; Feldhamer et 
al. 2015). Over time, it was discovered that contact between wild, free-living species and farmed, 
captive wildlife or domestic livestock had become a path by which diseases in one species could 
emerge in another that might not be as resistant as the original host (Cunningham et al. 2017).  
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The high density of animals in captive colonies and their frequent exposure to each other’s feces 
and bodily fluids allow disease organisms to spread more readily. In the case of Chronic Wasting 
Disease (CWD), a prion responsible for a fatal neurological disease affecting deer (Cervidae), it 
was suspected that captive herds of deer being farmed for venison production provided an 
infectious reservoir that could be transmitted via saliva and nasal mucous to wild deer that 
visited enclosures or that encountered escaped farm deer (Haley et al. 2011, Haley et al, 2015, 
Ricci et al. 2017). Diseases have also emerged from captive poultry into wild bird species (and 
vice versa). The bacterium Mycoplasma gallisepticum responsible for an epidemic of 
mycoplasmal conjunctivitis in perching birds, such as the house finch (Haemorhous mexicanus), 
is thought to have evolved from poultry specific strains and then spread among wild birds that 
used backyard bird feeders that were never cleaned and disinfected (Kollias 2004). On the other 
hand, avian influenza viruses carried by migrating waterfowl have been linked to outbreaks of 
bird flu on commercial domestic turkey farms in Pennsylvania in the 1980s and more recently in 
the mid-West (Midhani 2015).  
 Avian Influenza Virus has many different strains and is distributed globally (Hill et al. 
2014). The virus is primarily isolated to birds (Hill et al. 2014) especially ducks, chickens, and 
gulls (Reperant et al. 2009). AIV “spill over” refers to the transmission of the virus to organisms 
that are not normally infected by it (Hill et al. 2014). The virus manages to not only spill over 
from wild populations to domestic populations, but also to different classes of animals (Reperant 
et al. 2009; Hill et al. 2014) including pinnipeds, humans, ungulates, as well as reptiles. Viruses 
account for one-quarter of the emerging infectious diseases in wildlife, according to Jones et al. 
(2018), but birds are not the most common host for emerging zoonotic pathogens (only 18.4% of 
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cases, as compared to 57.6% and 34.4% occurences in mammal hosts in the orders Carnivora and 
Rodentia, respectively) (Cleaveland et al. 2001).   
In the past few years, Lymphoproliferative Disease Virus (LPDV) has been suspected to 
be an emerging disease in wild turkey (Meleagris gallopavo) populations in North America 
(Allison et al. 2014; Alger 2015; Thomas 2015; MacDonald 2018). Originally described in Israel 
and the United Kingdom, the LPDV retrovirus has been shown to infect the turkey (Meleagris 
gallopavo) and domestic chicken (Gallus gallus), both in the avian order Galliformes (Biggs et 
al. 1974; Gazit et al.1983). Because wild turkey populations declined unexpectedly in 
Mississippi from 2012 to 2016 despite quality habitat and suitable weather conditions, Butler and 
Godwin (2017) have suggested that disease may have been a causative factor. The authors note 
that 14 of 23 wild turkeys tested from Mississippi by the Southeast Cooperative Wildlife Disease 
Study in Athens, GA were infected with LPDV. However, it is not known how widespread this 
virus is across the state, and whether it also occurs in domestic turkeys and game farm (captive 
bred) populations of wild turkeys. The objectives of my research were a) to develop a method for 
having wild turkey hunters collect and submit tissue samples and associated meta-data from wild 
turkeys for analysis at the University of Mississippi, and b) to use molecular genetics techniques 
to investigate samples from hunter-killed wild, game farm wild, and domestic turkeys for 
infection with LPDV. 
 
Background 
 Retroviruses 
 Viruses are not classified as a living organism but have characteristics that are similar to 
a living thing. They can reproduce and adapt, but are not made of cells and cannot live without a 
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host (Murray 2015). They are identified as very small, intracellular parasites that contain genetic 
material of either DNA or RNA and a protein coat (Murray 2015). Viruses can be classified by 
separating them as DNA or RNA viruses that refer to the viral genetic material used to integrate 
into the host cell’s genome. The viral genome includes genes coding for capsid proteins (gag), 
reverse transcriptase (pol), and envelope proteins (env) (Murray 2015). Retroviruses 
(Retroviridae) are a type of RNA virus. They are marked as viruses with single stranded RNA 
and a complex method of replication. The surface of retroviruses is studded with envelope 
proteins for entry into host cells (Beemon et al. 2013). Once the retrovirus enters the cell, it 
begins reverse transcribing its RNA genome into DNA provirus (Beemon et al. 2013, Murray 
2015). Once DNA copies are created, the provirome is inserted into the host nucleus where it is 
transcribed into more viral genome used to build viruses (Murray 2015). This includes the 
creation of mRNA from which are translated viral proteins of progeny (Beemon et al. 2013). The 
progeny viruses are assembled and bud from the host cell. The process of assembly and budding 
is mostly influenced by the gag protein of the virus, leading to active viruses capable of infecting 
other cells (Beemon et al. 2013).  
Retroviruses are classified taxonomically by their structural similarity and genera 
including ASLV, B-type, or in the case of LPDV, C-type (Coffin 1997). C-type retroviruses are 
identified through their morphology. Using an electron microscope, C-type retroviruses are 
identified as having a central electron-dense core, and assembly and budding at the plasma 
membrane (Coffin 1997). Phylogenetic analysis showed that LPDV clusters with other 
Alpharetroviruses including the reticuloendotheliosis virus (REV) and avian leukosis virus 
(ALV). Transmission and pathology of these retroviruses are similar. For example, REV 
normally spreads through fecal-oral routes and insect vectors causing lymphomas in birds of the 
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order Galliformes (Thomas 2007). However, Payne (2012) also claims that REV can be 
transmitted horizontally by contact and vertically via insemination. ALV is transmitted from 
direct contact and vertical transmission. Both can cause lymphomas of the liver and other similar 
pathologies in turkeys, chickens and other birds (Payne et a. 2012), such that they can be difficult 
to distinguish from each other, and from LPDV, based on these symptoms.  
 
 LPDV 
With respect to pathology, Biggs et al. (1978) found reduced hematocrit (red blood cell 
counts), gross lesions of the spleen and lower red blood cell counts, and lymphoid tumors in 
LPDV-infected turkeys in the United Kingdom. Gazit et al. (1979) concluded that the strain of 
virus in Israel did not originate in turkeys and probably spread to this host from other species 
(Gazit et al. 1979). In a subsequent study, Gazit et al. (1983) found that ducks and geese were 
poor hosts for the virus, and that chickens were very susceptible and could possibly serve as a 
reservoir of the virus.  
The internal damage caused by the virus is generally undetectable pre-mortem (Allison et 
al. 2014; Biggs et al. 1978). Hence, the need to develop methods to successfully diagnose the 
presence of LPDV in live birds is paramount for tracking the epidemiology of LPDV in a host 
population. Historically, methods to diagnose the virus have included histopathological methods 
(Biggs et al. 1978, Gazit et al 1979,1983, Patel et al. 1987) a reverse transcriptase assay 
(Shwarzbard et al. 1980) and an immunofluorescence assay (Patel et al. 1987). These tests 
proved beneficial in differentiating LPDV from REV as well as in the identification of LPDV in 
asymptomatic cases (Shwarzbard et al. 1980, Patel et al. 1987). Recently, Allison et al. (2014) 
developed a PCR primer pair, based on the DNA sequence of the Israeli subtype, to determine 
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how prevalent LPDV is in wild turkeys in the United States, and to investigate how often 
external symptoms, such as large nodules on the head, and internal pathologies are associated 
with this particular virus. They detected the LPDV in wild turkeys in 18 states in the eastern U.S. 
and as far west as Colorado (Allison et al. 2014). Of the 41 turkeys that tested positive, they 
concluded that only four (10%) died from symptoms associated with LPDV. In a subsequent 
study, Thomas et al. (2015) found this virus to be more common in wild turkeys in northern 
states and in adult individuals.  
Most surveys of LPDV have relied on muscle, liver or bone marrow tissue samples as 
sources of viral DNA, and thus would only be applicable to dead turkeys. Alger et al. (2015) 
compared the use of whole blood to identify LPDV in wild turkey populations in New York to 
the use of bone marrow, thereby demonstrating a much higher prevalence of infection than prior 
‘hard tissue’ studies in New York (Alger et al. 2015).  
The geographic origin of LPDV is unknown. Using samples from 1,164 asymptomatic 
wild turkeys, Thomas et al. (2015) found LPDV to be distributed in the USA similarly to the 
findings of Allison et al. (2014). Phylogenetic analysis of this large sample set showed that only 
some LPDV sequences from South Carolina showed concordance with the Israeli subtype, while 
all other samples fell into a separate clade, demonstrating the distinctness of LPDV in the USA. 
The phylogeny of LPDV and previously mentioned viruses is shown in Figure 1. The tree was 
generated using PhyloT phylogenetic tree generator and NCBI sequences. 
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Figure 1: The phylogeny shows LPDV and its most closely related Alpharetroviruses (RSV and ALV). 
The figure also shows the relationship between Alpharetroviruses and other retroviruses mentioned. 
 
Wild Turkey 
Wild turkeys are a prominent game bird in the United States and can be found in forty-
nine states and some areas of Canada (Roberts et al. 2017). Butler et al. (2017) estimates that in 
2016, there were close to 40,000 turkey hunters and a little over 20,000 harvests in Mississippi. 
Different subspecies of turkeys are distributed around the United States, with the eastern 
subspecies residing in Mississippi. Turkey populations were widely depleted by the mid 1900’s 
due to the lack of hunting regulations, but more recent conservation efforts brought back turkey 
populations to the healthy numbers they maintain today (Dickson et al. 1992). Four Midwestern 
states saw elimination of wild turkey populations by 1886, but by 1920, 18 total states recorded 
turkey populations to be extinct (Latham 2017). Because wild-caught turkeys were commonly 
translocated between states for the purpose of population restoration (Latham 2017), it is 
possible the wide current distribution of the LPDV disease was enabled by that process. 
Alternatively, some states attempted to recover wild turkey populations by releasing captive-
reared birds from game farms. For example, in Pennsylvania, game farms allowed for turkey 
population ranges to extend from three million acres to thirteen million acres (Latham 2017). 
Rous sarcoma virus
Avipoxvirus TMPV
Reticuloendotheliosis virus
Lymphoproliferative disease virus
Avian leukosis virus
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Ultimately, game farm turkeys released in the wild did not result in successful population 
restoration, probably because they had been artificially selected for breeding success in captive 
conditions. Most states ban the release of captive-reared wild turkeys to the wild, primarily 
because they may carry a wide range of internal and external parasites including bacterial (e.g. 
Mycoplasmosis) and viral infections (Avian Pox, Avian Influenza; Kennamer 2018). Thus, one 
hypothesis for the origin of LPDV in free-living wild turkeys is that the wild populations became 
infected by exposure to released game farm wild turkeys.  LPDV has been previously 
demonstrated in noticeably ill free-living wild turkeys in Mississippi in the counties of Monroe, 
Copiah, Perry, Stone, Lafayette, Webster, Wilkinson, Lincoln, Jeff Davis, Lowndes, Warren, and 
Smith (Allison et al. 2014; Butler et al. 2017), but it is unclear where the virus originated and 
whether it is the source of population declines seen in recent years.  
Domestic Poultry 
Wild turkeys reared in captivity are often kept near other poultry from which they may 
catch disease organisms. Also, free-living wild turkeys may associate with domestic turkeys and 
other poultry in farmyards. There are no published studies investigating the presence of LPDV in 
domestic poultry in the USA. Although domestic turkey meat production is not a significant 
industry in Mississippi, the birds are reared by small producers and home-grown, often from day-
old poults shipped from hatcheries throughout the USA (USDA 2019). The domestic fowl (i.e., 
the chicken, Gallus gallus), on the other hand, is raised in the millions in our state (USDA 2019), 
and could have served as the original source or current reservoir of the virus. Slota et al. (2011) 
found that wild birds played a role in the introduction of a virus in Thailand’s domestic duck 
populations. Ward and Gallagher (1927) write that disease is the greatest hindrance to the 
development of the animal and poultry industry. Domestic poultry have been susceptible to 
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detrimental disease outbreaks such as Newcastle Disease, Mycoplasma gallisepticum, and 
Marek’s Disease (Cole et al. 1974). Proper sanitation and vaccines are strategies to prevent 
diseases occurring in domestic flocks (Cole et al. 1974). Other preventative measures include the 
building of poultry houses in dry areas and disinfection of poultry houses (Ward et al. 1927). In 
2012, George Tabler of Mississippi State Univeristy (2017) estimated that the United States 
exported over four thousand metric tons of poultry to other countries. In 2016, the poultry 
industry grossed an estimated $18.36 billion in economic activity, with Mississippi being number 
five in the nation with respect to production (Tabler 2017).  
 
Methods 
 Sample Types and Collection 
Three types of samples were tested for the presence of LPDV: a) hunter-killed wild turkey 
samples from Mississippi, b) blood from game farm-sourced wild turkeys kept in the captive 
flock at the University of Mississippi Field Station, and c) muscle tissue from domestic turkey 
poults purchased from a commercial hatchery. DNA was isolated from each of these using the 
Qiagen DNEasy extraction kit (Cat. Number 69504) following the manufacturer’s recommended 
protocols for blood or tissue, as appropriate. Modification of sample preparation for particular 
sample types is described in the section below describing the source of the sample type.  
 
Hunter-killed turkeys 
 In the 2018 hunting season (March 15th – May 1st), thirty sampling kits were distributed 
to hunters, along with instructions and a data form (Appendix I). Hunters were instructed to use a 
disposable plastic bulb pipette to transfer one drop of fresh (non-coagulated) blood from the 
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harvested turkey as quickly as possible into a GeneMate 2 mL screwcap tube (Part number C-
3318-2) with 1 mL of Fisher 100% ethyl alcohol (product no. BP2818-500). The hunters were 
instructed to freeze or refrigerate the tube with the blood sample as soon as possible. In 
December 2018, after vortexing to resuspend the cells, 500 µL of the solution was removed to a 
sterile 1 ml microcentrifuge tube, and centrifuged in a centrifuge (Eppendorf 5415 C) for 1 
minute at ≥6000 x g (8000 rpm) to form a blood pellet. After pouring off the ethanol supernatant, 
the uncapped tube was suspended upside down to allow the pellet to air dry overnight. 
Thereafter, I began the standard Qiagen blood protocol starting with step one by suspending the 
blood pellet in 200 µL of Phosphate buffered saline and 20 µL of proteinase K and was followed 
to completion. 
 
Game farm turkeys 
Blood samples from two different sets of game farm turkeys were used. The first set of 
samples were collected in 2009 from three-year-old female wild turkeys reared in captivity at the 
University of Mississippi Field Station from captive parents. These birds had exposure to older 
captive males, as well as free-living wild turkeys that visited the aviary, but not physical contact 
with them. Ten tubes were chosen haphazardly from 180 blood samples that had been stored in 
100% ethyl alcohol in 2 mL microcentrifuge tubes at -20°C. The DNA from these samples was 
isolated with the same procedures as the hunter-killed wild turkey blood samples described 
above.  
The second set of game farm wild turkey samples came from birds obtained from a 
commercial hatchery, reared in Louisiana without exposure to wild turkeys or poultry, and then 
shipped to Mississippi in 1999. Ten of 38 available blood samples were chosen haphazardly for 
 11 
DNA isolation. These samples had been frozen in 2 mL microcentrifuge tubes at -20°C without 
any anti-coagulant, preservative or diluent. In order to obtain a sub-sample from the tube for 
testing, a sterile probe was used to scrape off about one milligram from the top layer of frozen 
blood. The extracted blood was immediately placed into the PBS, proteinase k, and Qiagen 
Buffer AL solution and subjected to the same DNA extraction procedure as the wild and game 
farm samples. 
Domestic turkeys 
 The third source of DNA tested for the presence of LPDV was frozen muscle tissue from 
young domestic turkeys raised from day-old poults obtained by mail from a commercial, out of 
state hatchery in 2014. There were 10 tissue samples, and all were used for testing. About three 
milligrams of the tissue was chopped using an autoclaved razor blade. The tissue was placed in 
Buffer ATL and proteinase k from the Qiagen DNEasy Extraction kit, incubated at 52°C until all 
tissue was fully lysed, and then subjected to the same DNA extraction protocol as the other 
samples. 
 
 PCR amplification 
 DNA was amplified with the primers designed by Allison et al. (2014) and also 
used by Alger et al. (2015). The primer sequences of the forward and reverse sequences are 5’-
ATGAGGACTTAC-3’ and 5’-TGATGGCGTCAGGGCTATTTG-3’ respectively (Allison et al. 
2014). 23 µL of master mix was placed in each VWR 0.2 mL PCR tube (product no. 20170-004). 
The master mix consisted of 12.5 µL GoTaq per tube, 9.5 µL nuclease-free water per tube, and 
0.5 µL of each 10 µM primer. The PCR parameters were programmed as follows in an thermal 
cycler (Eppendorf Mastercyler gradient product no. 5331 13946): 95° C for 3 minutes, 34 cycles 
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of 95°C for 30 seconds, 54°C for 30 seconds, 68°C for 60 seconds, and 68° for 5 minutes 
(Allison et al. 2014, Alger et al 2015). The thermocycler was programmed to hold the tubes at 
12°C once the program was finished.  
5 µL of PCR product combined with 2.5 µL of loading dye was subjected to agarose gel 
electrophoresis in 1x Thermo Scientific TBE buffer (Product number B52). The ladder used was 
Cambrex FlashGel DNA Marker 100-4000 bp (product no. 50473). The positive control used 
was DNA from spleen/ liver tissue provided by Dr. Randal Renshaw of the Department of 
Population Medicine and Diagnostic Sciences at Cornell University. These tissues were collected 
from wild turkeys in New York in August 2016. Sterile water was used as the negative control. 
Samples that amplified an approximately 415 bp fragment were considered to represent positive 
cases of infection with LPDV, although they were not sequenced to confirm their identity. 
Results 
    Wild turkeys 
            Hunters returned 33 % of sampling kits distributed. Information on the birds that 
provided the wild samples is shown in Appendix II. DNA was successfully isolated from all ten 
samples (examples shown in Figure 2). Of the 10 samples tested for LPDV, four (40%) were 
found to express the 415 bp fragment associated with LPDV (Figure 3). Two positive samples 
were from Copiah County and two from Lawrence County. Lawrence County wild turkeys 
(67%) showed a higher occurrence of infection than Copiah County birds (40%). The source 
birds from Lawrence County infected with LPDV were also found to be a little underweight 
(normal range: 7.7-9.5) (AgriLife). The differences in of infected and uninfected birds can be 
seen in Figure 4. The age of turkeys infected ranged from two to three years old. The age of 
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turkeys infected ranged from two to three years old based on spur length (Dickson 2009) (Figure 
5)
 
Figure 2: This figure shows the gel of successful DNA extraction from wild turkey samples. 
Lane 1 shows the DNA Ladder. Lanes 3 and 4 on the top row are wild turkey samples. Lanes 6 
and 7 are game farm samples suspended in alcohol. Lanes 3 and four on the bottom row are 
game farm samples of frozen blood. Lanes 6 and 7 on the bottom row are tissue samples. 
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Figure 3: This figure shows positive and negative LPDV cases. The positive samples show the 
415 bp fragment correlating with the positive control (Lane 2). Lane 3 shows the negative 
control. Lanes 5-8 show the positive LPDV samples from wild turkeys. The next row’s samples 
show negative results. A wild sample, a game farm sample suspended in alcohol, a game farm 
sample of frozen blood, and a tissue sample were in Lanes 5-8, respectively. 
 
 15 
 
Figure 4: Sample size for this data was eight samples. Uninfected and infected turkey mass are 
shown as recorded by hunters. Uninfected turkeys had a higher average mass. Two samples 
acquired from hunters did not have weights recorded. 
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Figure 5: Sample size of this data was ten samples. Wild turkey’s ages are shown and were determined 
using spur length. From the ten wild turkey samples, age ranged from one year to four years old. Blue 
dots indicate infected birds, and orange dots indicate uninfected birds. Some values are the same and are 
stacked. 
Game farm turkeys 
      Of the ten samples suspended in alcohol and ten samples of frozen blood, none 
amplified a PCR fragment indicating that they were positive for LPDV. Blood samples 
suspended in alcohol yielded better quality of DNA for extraction. However, samples of frozen 
blood did not yield strong DNA quality. Figure 6 shows the representative DNA yield on an 
agarose gel. 
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Domestic Turkeys 
The ten samples of turkey tissue yielded quality DNA for extraction. Analysis with PCR 
and gel electrophoresis showed no positive LPDV cases. 
Discussion 
The origin of LPDV is not known. Although first described in domestic turkeys in Israel 
(Gazit et al. 1979), the origin of the virus could theoretically date back to the original wild 
ancestors of all domestic turkeys in North America (Crawford 1992). Further study of the 
geographic and phylogenetic variation of this virus among host populations of both domestic and 
wild populations will be necessary to understand its global spread. In the meantime, in order to 
clarify the threat it poses as an EID, a clearer picture of potential reservoirs of the LPDV are 
needed. My research provides a preliminary investigation of possible sources of the disease’s 
spread. If the proper 415 bp fragment is shown through sequencing, my results appear to show 
that LPDV is endemic in free-living wild turkeys, but absent or at least far less common, in game 
farm and domestic turkeys.  
It appears that LPDV is a disease of free-living wild turkeys in the USA, rather than of 
captive populations of this species. Future research should focus on two issues: the ecological 
and management factors that spread the virus, and the impact of infection on host survival and 
reproduction.  
What is the ecology of LPDV? 
Learning how the virus is transmitted is a valuable question that has yet to be answered. 
Among domestic poultry, it appears that LPDV can be spread by both direct (turkey to turkey 
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contact) and indirect experimental transmission (MacDougall et al. 1978). The efficiency of 
transmission by these different routes is not known; however, neither is the ability of the virus to 
survive in the environment. Because wild turkeys live at lower densities than captive turkeys, 
some forms of transmission may be uncommon in nature. Nevertheless, point sources, such as 
game feeders that automatically distribute corn to wildlife, may create ideal conditions that 
promote disease transmission (Brittingham et al. 1988, Slota et al. 2011). With respect the 
Chronic Waste Disease, feeders mark an epicenter for population densities allowing disease to be 
more easily spread to uninfected individuals (Bender et al. 2019). The principle behind feeders as 
centers for disease is very likely. A single birdfeeder could see multiple different bird species as 
well as other animal species. Other examples of EID that spread in novel wild hosts include the 
epizootic of mycoplasmosis in house finches using bird feeders that were never cleaned or 
sterilized (Adelman et al. 2015) and white-nose syndrome transmission in bats that share caves 
for roosting and hibernation (Pikula et al. 2012). With a larger data set of hunter-killed samples 
in areas where point sources of feed have been geo-referenced, it might be possible to investigate 
if concentrated food sources enhance transmission of LPDV among wild turkeys.  
Another question about LPDV transmission that is ripe for study is whether the virus can 
be transmitted by insects. Insects may have diseases within them transmitted through biting and 
blood feeding (Azad et al. 1998, Tolle 2009). Azad et al (1998) studied diseases transmitted by 
mites, fleas, and ticks, including Rocky Mountain Spotted Fever that can infect birds, humans, 
and small mammals. Viruses that are spread through insect vectors also include West Nile Virus 
(Kilpatrick et al. 2007) and Avian Pox (Butler et al. 2017). In turkey samples tested for disease in 
Butler et al. (2017) Mississippi’s Comprehensive Wild Turkey Management Plan, of the 13 
samples infected with LPDV, six were mutually infected with Avian pox. MacDonald et al. 
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(2019) found that 63% of turkeys in Ontario tested positive for Avian Pox as well.  Forrester 
(1991) writes that mosquitos are an important vector of transmission of avian pox. It could be 
speculated that the pattern of positive LPDV occurrence in the mid-South is suggestive of 
mosquito or biting fly transmission. LPDV has been found in counties in the Delta flood plain of 
the Mississippi River and its tributaries (Figure 5). Sellers (1980) writes that a suitable 
environment is a necessity for insect vector transmission.  The climate must be warm and humid, 
as well as provide numerous sites of water for insects to lay their eggs (Sellers 1980). With this 
information, the Mississippi River and its tributaries provide a suitable environment for biting 
insects given the right weather conditions. 
Thomas et al. (2015) found LPDV in numerous counties of the northeastern part of 
Louisiana, just across the river from counties positive for LPDV in Mississippi including Copiah 
County. Given that Thomas et al. found 59% of their Louisiana samples to be infected with 
LPDV, it could be possible that LPDV spread from the Louisiana border into Mississippi 
counties or vice versa. Of the counties highlighted in Louisiana, Madison, Tensas, Concordia, 
East Feliciana, St. Helena border Mississippi. Most notably, Madison, Tensas, and Concordia 
counties border the Mississippi River and have other rivers such as the Tensas River and the 
Black River. Bayou Macon borders Madison county along with two other highlighted counties, 
Franklin and Catahoula. East Feliciana borders the Mississippi River and the Amite River as 
well. The increasing presence of humidity and bodies of water in these areas would support the 
idea of insect vectors spreading LPDV. This hypothesis could be a key component of future 
studies into the transmission of LPDV. 
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Figure 5: This map shows a map of counties with positive LPDV cases in Mississippi, 
Louisiana, and Arkansas. The map includes date from this study, Allison et al (2014), and Butler 
et al. (2017). The one county highlighted in Arkansas is the first documentation of LPDV in the 
United States (Allison et al. 2014)  
If the transmission of this virus is fueled by game feeders or insects, it would be difficult 
to prevent transmission from wild populations to domestic or game farm populations. It could 
also give rise to spill over into other species as seen in Avian Influenza Virus (Hill et al. 2014, 
Reperant et al. 2009). 
Host Survival and Reproduction 
It is unknown how LPDV affects the wild turkey population dynamic. More information 
is needed to determine how lethal the virus is in wild turkey hosts. Other valuable information 
needed includes if the virus has adverse effects on turkey reproductive success. Considering that 
wild turkeys contain many forms of ornamentation (beards, snoods, plumage) and are 
instrumental in reproductive success (Buchholz 1995, Buchholz 1997, Hill et al. 2005), if LPDV 
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affects any of these attributes, it could be contributing to low reproductive success in infected 
birds.  Despite the ineffectiveness of this study to provide positive LPDV samples from game 
farm and domestic populations, it is still important to monitor infections of these populations in 
Mississippi. Disease does not pose a major threat to wild turkey populations (Kennamer 2018). 
However, considering the greater than 20% mortality rate of LPDV infections in domestic 
turkeys (Biggs et al. 1978), game farm and domestic turkey populations could still be at risk. 
Alger et al. (2017) found that age was a significant indicator of infection. This information 
supports my study because they found adult birds to have a much higher prevalence of the virus 
than in juveniles, which was also found in my study. Human influence in climate change and 
habitat disruption will cause emerging infectious disease research to be a critical point in 
preserving biodiversity. With the potential of emerging infectious diseases to penetrate not only 
wild populations of turkey or any animal but game farm or domestic populations, the necessity 
for study into these diseases is steadily increasing. Whether it is Chronic Waste Disease in deer, 
West Nile Virus, or LPDV, disease could adversely affect our wildlife or domestic populations. 
Cleavland et al. (2001) suggest that RNA viruses are not only dangerous in their ability to mutate 
quickly, but they have a higher infection rate in animals. 
Emerging infectious diseases can be influential factors in animal populations. With the 
importance of preserving wildlife and maintaining healthy livestock, emerging infectious 
diseases must be studied more. Circumstances may arise where we need knowledge on a disease 
quickly. If there is no information on said disease, populations could be in trouble. Even though 
LPDV might not be decimating turkey populations across the United States, it is still possible 
that it could cause problems in the future. In Butler et al.’s management plan (2017), monitoring 
wild turkey populations is a key objective. Important strategies of this plan include working with 
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Mississippi State University School of Veterinary Medicine, the USDA Wildlife Services, and 
the Southeast Cooperative Wildlife Disease Study Group to assess how disease affects wild 
turkey populations, and to create an internet service for citizens to report sightings of diseased 
turkeys (Butler et al. 2017). Another lesson can be taken in the management of Bovine 
Brucellosis in the Greater Yellowstone area. The emerging infectious disease affects key 
economic species of both wildlife and livestock origin infecting bison, elk, and cattle 
(Schumaker et al. 2012). The management strategies they use include strategic culling of 
infected elk and regular testing of all of the species’ populations (Schumaker et al. 2012). It is 
possible that these same strategies could impact the wild turkey populations in Mississippi.  With 
more research by biologists, wildlife managers, and veterinarians, information can be provided 
on diseases before they become a problem. More insight into what plagues wildlife and livestock 
could prevent diseases such as LPDV which poses no current threat, but could in the future. 
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Appendices 
 Appendix I: Wild Turkey Information Kit 
 
 
Blood Sample# ______Print Your Name: __________________Phone or email: 
________________ 
 
Hunt Location:  State ___________  County _____________ Nearest Town/City 
__________ 
Specific location (optional):  
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20L8 OleMiss Wild Turkey Health Project
INSTRUCTIONS
1. Quickly collect one drop
of fresh flowing blood into
tu be.
Cap and shake tube immediately!
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3. Take measurements as
shown below.
4. Put data sheet into bag
with blood sample and
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Measurements:  Stretched snood: ____________ Beard length: _______________ 
Weight (not gutted!): ____________  Left Spur: _________ Right Spur: ___________ 
Jake or Adult?  (circle one) Habitat type: Forest or Pasture or Crop Fields or Mixed (circle 
one) 
Notes (optional): 
Thanks for your help!    Important: Collect fresh blood sample first.  
Seal this data sheet into bag with blood and feathers.  Questions? Call Dr. B (662)-915-5012 
 
 
Appendix II: Wild Sample Information 
Sample 
ID     # 
County City Snood 
length 
Beard 
length 
Spur Length 
L/R 
Weight Habitat 
01 Tate Senatobia 5.08 
cm 
27.94 
cm 
.64 cm / .64 cm N/A 
Mixed*  
02 Tate Senatobia 7.62 
cm 
22.23 
1.91 cm / 1.91 cm N/A 
N/A 
03 Copiah Wesson 7.62 
cm 
20.32 
cm 
2.54 cm / 2.70 cm 8.16 kg 
N/A 
04 Lawrence Silver Creek 8.26 
cm 
24.13 
cm 
2.22 cm / 1.91 cm 7.26 kg 
Forest 
05 Copiah Hazlehurst 8.89 
cm 
25.40 
cm 
2.70 cm / 2.70 cm 7.94 kg 
Forest 
 32 
06 Copiah Georgetown 8.89 
cm 
27.94 
cm 
2.54 cm / 2.54 cm 7.94 kg 
Mixed 
07 Copiah Wesson 8.89 
cm 
25.40 
cm 
3.18 cm / 3.18 cm 7.94 kg 
Forest 
08 Copiah Georgetown 10.16 
cm 
25.40 
cm 
2.86 cm / 2.86 cm 8.39 kg 
Mixed* 
09 Lawrence Arm 8.26 
cm 
20.32 
cm 
2.54 cm / 2.54 cm 7.26 kg 
Forest 
10 Lawrence Silver Creek 9.56 
cm 
27.94 
cm 
3.18 cm / 3.18 cm 8.62 kg 
Mixed* 
 
Appendix II: This table shows information requested in the sample kit on each individual turkey 
harvested. 
*Mixed refers to a habitat of mixed forest and pasture. 
 
